Background. The two-component CovRS system is a GAS virulence gene regulator.
While other streptococcal hPg/hPm receptors, e.g., the products of the sen and plr genes (12, 13) , have been identified, their pathophysiological importance is unclear, especially in strains that produce functional PAM.
Two component gene regulatory systems also exist in bacteria. In GAS, ~13
such regulators are known (14) , the most studied of which is the intracellular cluster of virulence (Cov) OmpR-like responder (covR) (15) , together with the cell surface bound EnvZ-type cov sensor (covS) (16) system, two genes that are adjacent to each other on the GAS genome, and are cotranscribed from a single promoter upstream of covR (17) . 
Cloning and Expression of Proteins -
Full-length sk was cloned from the gDNAs of WT-AP53 and WT-NS931, and expressed in E. coli cells, as previously reported (27) .
Drosophila Schneider S2 cells as described (28) . hydrolysis by the generated hPm, was continually measured at 30 sec intervals using a plate reader.
Binding of hPg to GAS
SpeB Activity Assay -SpeB activity was measured as described (29) 
bromide (Sigma-Aldrich)/60 ml HOAc/100 ml of 50% formamide, as previously detailed (31) . Standard curves were constructed using known concentrations of commercial HA (Sigma-Aldrich).
SK Assays in Washed Cell Culture
Supernates -Single colonies from plates of WT or mutant GAS strains were transferred The gene components of the proximal mga regulon of GAS strain NS931
RESULTS

The mga Regulatory Regions of GAS
have been compared to those of AP53.
While we did not completely sequence all of these genes in NS931 gDNA ( 1C ) and NS931/Δmga (Fig. 1D) , as compared to their respective WT-strains. The mRNA level of lbp was not significantly altered by the mga deletion in either strain (Fig. 1C,D) . In addition, cells (Fig. 1F) . In Figure 1F , the relative expression of each gene in WT-AP53 cells was set at 100%, since we wished to obtain a general idea of gene-specific expression levels between strains, a valid approach for this gene set since the primer sequences used for amplification of these genes were exact matches between strains AP53 and NS931.
Binding of hPg to GAS Cells -Using FCA ( Fig. 2A,B) , as well as a sandwich ELISA with in-house antibodies against hPg (Fig. 2C) , we show that mid-LP cultures 
Activation of hPg by r-SK2b on S.
pyogenes Cells -We examined whether the binding of hPg to PAM on AP53 cells stimulates its activation by exogenous rSK2b, cloned from AP53 cells. The data (Fig. 2E) show that the activation of hPg by r-SK2b, which is the form of SK that optimally acts on cell-bound hPg, is highly stimulated by catalytic levels of r-SK2b. SK2b to those of WT-AP53 cells (Fig. 2E) .
Thus, SK2b-producing invasive GAS strains require PAM or a PAM-like analog for optimal activation of hPg.
The CovRS Regulatory System in AP53
Cells -The two-component CovRS gene regulatory system, the genes of which are consecutively present on all GAS genomes studied, including WT-AP53 and WT-NS931 cells (Fig. 3A) , was examined. by the presence of predicted gDNA amplicons generated with specific primers for these genes (Fig. 3A) .
The gene encoding the cysteine protease, speB, is present in all GAS strains investigated, and is known to be highly The effect of the natural CovS mutation found in WT-AP53 cells on SpeB expression has been examined ( Fig. 3D-F) .
Q-RT-PCR of total cell mRNA, using specific speB primers (Supplemental Table   1 Specifically, the data (Fig. 4A,B) demonstrate that the amount of hasA present in AP53/CovS M (WT-AP53) cells is ~10x
higher in hasA mRNA levels ( Fig. 4A ) and ~12 fold higher in hyaluronic acid (HA) content, when compared to its isogenic mutant cell line, AP53/CovS WT . Similarly, the amount of hasA is ~2-fold higher in NS931/CovS M cells (Fig. 4A) and is ~5-fold higher in HA (Fig. 4B ) content than in WT-NS931/CovS WT (WT-NS931) cells (Fig. 4A ).
These data show that whereas WT-CovRS Table 1 ) for WT-AP53 gene sequences in Figure 1A by guest on July 15, 2017 
